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MSi2500
Mirics FlexiTV™ USB Interface IC

Overview

The MSi2500 converts the analogue baseband
outputs from a broadcast silicon tuner to a
digital form, performs essential signal
processing on those signals and streams them
to a PC host over a USB2.0(HS) interface. ltis
designed for use with the Mirics family of poly-
band tuners such as the MSi001 as partof a
complete digital TV and radio receiver known
as Mirics FlexiTv™.

This approach enables software demodulation
on a host CPU, minimizing system cost and
maximizing flexibility. The following TV and
radio standards can be supported with this
approach:

» DVB-T, ISDB-T434e, DTMB and ATSC
terrestrial TV

« T-DMB, CMMEB, DVB-H, ISDB-T .u0y &
ATSC-M/M mobile TV

«  AM & FM analog radio

« DAB, DEM & HD digital radio

Designed in a low-cost CMOS process, the
MSi2500 integrates: on-chip analog to digital
converters, baseband signal processing,
microcontroller, embedded memeory, power

management and high-speed USB2.0 interface.

Applications
+ Motebook PCs
+ Deskiop & media centre PCs
« Met books
+ Mobile Internet Devices ("MIDs")

Features
« Highly integrated device featuring
¢ Dual-channel ADC and clock PLL
IQ signal processing
8051 micrecontroller
USB2.0 (HS) interface
24 MHz crystal oscillator and buffer
External EEPROM support
IR Remote Control support
« Small footprint package
+  5x5x0.9mm 32 pin QFN
« Compliant with all appropriate standards,
including:
» Nordig, EICTA MBRAI. ETSI, ARIB
USB2.0(TID=40000840)
« RoHS compliant
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Figure 1: MSi2500 Top Level Block Diagram
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1 Functional Block Description
1.1 Dual ADC

The analogue baseband signals from the tuner are digitized by a dual analogue to digital convertor (ADC).
The ADC is designed to handle a wide range of broadcast signal bandwidths at low power consumption
and provides a resolution of =10 bits.

1.2 Clock Generation

The ADC sample clock and DSP system clocks are generated by a fully integrated PLL which is
configured and tuned appropriately by the Mirics FlexiTV™ software demodulator to meet the specific
system requirements of the supported reception modes.

An integrated crystal oscillator is used to generate the required USB 24 MHz reference clock from a 24
MHz crystal. This reference clock is buffered and provided as a CMOS output suitable for use as the
tuner reference clock.

1.3 DSP Subsystem

The digital signals from the ADC are conditioned and decimated within the DSP subsystem by a re-
configurable digital filter chain that is designed to meet the selectivity requirements of the various systems.

1.4 USB 2.0 (HS)

The USB PHY and controller comply with all USB 2.0 high-speed (480 Mbps) and full-speed (12 Mbps)
specifications. To satisfy the bandwidth requirements for 1Q data streaming the USB core anly ever
operates in High-Speed mode. The MSi2500 adopts the USB power management standards to allow a
low-power Suspend mode to be supported. The USB endpoint configuration is fixed as "Endpoint 0 and
Endpoint 17, with Endpaeint 1 supporting either bulk or iscchronous transfers.

1.5 Microcontroller

An 8051 microcontroller, embedded memory, and dedicated control hardware manages the internal
housekeeping functions within the M3i2500 while also providing external control of the tuner via a
dedicated 3-wire SPI interface. The tuner programming SPI interface operates at 12 MHz. 4 GPIO pins
are provided and typical usage models include external EEPROM support and Infra-Red Remote support.

B kB of embedded RAM provides storage for program code and data, while the default microcode and
boot code is stored in a 4 kB on-chip ROM. The default microcode SuEports full USE cperation and all the
necessary housekeeping functions required by typical Mirics FlexiTV™ receiver implementation.
Alternative microcode can be downloaded either via the USB interface after device boot, or from external
EEFROM during device boot.

The default microcode defines the following Vendor and Product ID's:

Vendor ID: 0x1DF7
Product ID: 0x2500

Alternative VID & PID's can be supported through use of an external EEPROM.

1.6 Power Management

The MSi2500 operates from a single external 3.3 V supply. An on-chip power management function sub-
regulates this 3.3 V input down to multiple 1.8 V core supplies. If required the individual 1.8 V core
supplies can be applied externally by overdriving the internal regulators at the output pins provided for
LDO decoupling.
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1.7 Infra-Red Remote Control Support

The MSi2500 supports the use of an Infra-Red Remote Control by sampling and conditioning a signal
from an external IR receiver. This signal is then passed to the host PC over the streaming USE interface

for software decode and processing.
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2 Device Pin-Out
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Figure 2: Pin-Out Diagram (Top View)

WCE_IW_ KOV

Neo | Name Description No | Name Description

1 VCC_GFIO GPIO Supply Regulator | 17 V15_VCO 1.5V Regulator Output
Output (1.8 V typ.)

2 GPIO_0 GPIO O 18 VCC_3V_XCVR 3.3 V Supply Input

3 GPIO_1 GPIO 1 15 DP USE Cable Data P

4 GPIO_2 GPRIO 2 20 DM USE Cable Data M

5 GPIO_3/IR GPIO 3/Remote control | 21 RSET Bias Resistor 510R 1%
input

5] ADC REF P ADC Ref Decoupling 22 X0 2dMHz Xial

7 ADC REF N ADC Ref Decoupling 23 X1 24MHz Xtal

8 VEE ADC ADC Ground 24 REFOUT 24MHz Ref Output

9 IIN_P I Channel ADC input 25 SPI_LAT Tuner 5P| Latch Enable

10 [ IN_N | Channel ADC input 26 SPI_DAT SPI Data

11 | QIN_P & Channel ADC input 27 SPI_CLK SPI Clock

12 | QIN_N () Channel ADC input 28 | XTAL _SEL Connect to Ground

13 | V18 ADC 1.8 V Regulator Output 289 | TEST1 Test — Reserved

14 | VCC 3V PM 3.3 V Supply Input 30 TESTZ Test — Reserved

15 | V18 SYNTH 1.8 V Regulator Qutput 31 W18 DIGITAL 1.8 V Regulator Qutput

16 | V18 PHY 1.8 V Regulator Output 32 VCC 3V DIGITAL | 3.3 V Supply Input

Table 1: Pin-Out
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3 Electrical Specification

3.1 Absolute Maximum Ratings

These are stress ratings only. Exposure to stresses beyond these maximum ratings may cause
permanent damage to, or affect the reliability of the device. Avoid operating the device outside the
recommended operating conditions defined below. This device is ESD sensitive, handling and assembly
of this device should be at ESD protected workstations.

Parameter Symbol Min Max Unit
Supply vaoltage VCC_3V _x -0.3 +3.6 v
Storage temperature Ta -65 +150 °C
Case temperature Tc -65 +100 20
ESD Human Body Model(HEM) ESD 1000 v
ESD (HBM) USE data lines ESDyes 2000 v

Table 2: Absolute Maximum Ratings

3.2 Recommended Operation

Parameter Symbol Min Typ Max | Unit
Regulated supply voltage VCC 3V x 3.0 3.3 3.6 Vv
Ambient temperature Ta =20 25 85 °C

Table 3: Recommended Operation

3.3 Electrical Characteristics
Toc=25°C. VCC 3V x = 3.3V unless otherwise stated

Mode Min Typ Max | Unit
DWVB-T EMHz 77 mA
DWVB-T 7TMHz 74 m#A
DWB-T 6MHz {ISDB-T s4} 69 m#A
DAB, T-DMB {ISDB-T.} 46 m#A
FM, AM/DRM {ISDB-T,.} 42 m#A
Standby’ 160 pA

Table 4: Power Consumption
Te=25°C.VCC 3V x = 3.3 V unless otherwise stated

Parameter Symbol | Conditions | Min Typ Max Unit
Low-level input voltage W 0 0.4 1
High-level input voltage Vi 1.25 Vepo +0.3 W
Low-level input current " V=04V =01 HA
High-level input current m V=18V =01 HA
Low-level output voltage VoL lout = 2 mA 0.4 W
High-level output voltage Vou lout = -2 mA 1.4 Vepio i
High—level output 'u'CI”ﬂgE Voo lout = -2 mA 1.0 Vepiooy Vepowy + 0.3 W

Table 5: GPIO Pins (GPIO_x)

" Excludes current through USB host pull down
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Tc=25"C. WVCC_3V_x = 3.3V unless otherwise stated
Parameter Symbol Conditions Min Typ Max Unit
Low-level input voliage Vi ] 0.7 3
High-level input voltage Vin 1.25 Vioemas 3"
Low-level input current Iy 1 A
High-level input current " 1 A
Low-level output voltage WL lour = 0.2 mA 0.4 W
High-level output voltage o loyr = -0.2 mA 1.4 Viizmas W
Tuner bus frequency Frus 12 MHz
EEPROM bus frequency Frem 3 MHz
Load capacitance CLosn 20 pF
Table &: Serial Bus (SPI_x)
Tc=25C. VCC 3V x = 3.3V unless otherwise stated
Parameter Symbol Conditions Min | Typ Max Unit
Overdrive input voltage Wy 0.4 W
Reference output voltage Vrer 0.8 \
Reference output load Cloanx 20 pF
Oscillator output load (X1) Cuy a0 pF
Table 7: Reference Clock
Te=25"C. WVCC_3V_x = 3.3 V unless otherwise stated
Parameter Symbeol Conditions Min | Typ Max Unit
VCC GPIO Verio lour = 9 mA 1.75 1.8 \
VCC GPIO LV Mode Viepa L lour = 0.3 mA 1.15 1.2 \")
V18 DIGITAL VioizmaL lour = 0.3 mA 1.75 1.8 W
V18 SYNTH VeynH loyr = 0.3 mA 1.5 1.8 W
V1B _SYNTH_OFF Veuspeno | Suspend state 0.2 W
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4 Application Circuit Guidelines

4.1 Crystal Oscillator

The MSi2500 has an on-chip crystal oscillator circuit which operates with a 24 MHz crystal attached

between the X0 and X1 pins. The XTAL_SEL should be pulled to ground to bypass the internal clock
divider.

The crystal manufacturer’s specified load capacitors should connected as shown in Figure 3:. Oscillator
start-up time with this configuration is typically less than 200 ps. Alternatively an external reference can
be AC coupled to X0 with X1 being left open circuit.

+ |nitial frequency Tolerance + 20ppm
* Freguency tolerance £ 30ppm over the desired temperature range.

The MSi2500 can support load capacitances up to 15 pF. Any values in excess of this can cause a
reduction in the amplitude of the oscillator which could stop correct operation of the MSi2500. In order to
calculate the value of the load capacitors Cgapo and Cqaps the following formula can be used.

Ci'}"SE‘E{ Load Cﬂpﬂﬂtﬂilff = [thmgg + CXU] x lcf_[mg1 + X 1J B lcf_p)mg + CX0+ Croapt + ﬁXl]

In this instance CX0 and CX1 reflects the capacitance presented by the internal oscillator and any stray
PCB capacitance. Nominally this tends to be around 2 to 3 pF but will depend on the board layout. Also
note that the load capacitors are normally selected to be the same value. So the equation simplifies to
such that the load capacitors are twice the crystal load capacitance minus any stray capacitance.

The load capacitance effectively limits the voltage swing at X0 which degrades phase noise of the
REFOUT output. This in turn degrades the RF phase noise of the tuner and system performance. A good
RF Swing at X0 should be = 0.8 V peak to peak.

MSi2500
REFOUT Tuner
—h_
XTAL SEL 5 Reference I/P
I
F 12
X1 Climm
l >
= XTAL
—|— Connection
X0 |
>
CLL\N:H]
Figure 3: Crystal Oscillator Configuration
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4.2 External EEPROM

An external serial EEPROM can be used to either provide support for customer specific USB VID & PID's
or to allow use of an alternative 8051 microcode. The EEPROM should be interfaced to the MSi2500 via
the 5Pl and GPIO interface as shown below:

SCHK CLK
SP ET oaTA | Tuner
EEPROM | CF EN__ | MSi001
=] N
- =
g d5
I
GRIO_0

Mamory Size .
Selection  gpg 2 | MSI2500
S——

Figure 4: Memory and Tuner Interface

In this configuration the SPI_CLK and SPI_DAT lines are used for communication with the EEFROM
during device boot. GPIO_D receives output data from the EEPROM, whereas GPIO_1 controls the
EEPROM chip-select line during the boot sequence. A pull-up or pull-down resistor should be fitted on
GPIO_2 to specify which EEPROM size is being used in the application circuit. This allows support for
both 9 bit and 16 bit addressed serial SPI EEPROM's. To operate with a 9-bit addressed EEPROM
GPIO_2 should be tied to ground, to operate with a 16-bit addressed device it should be tied to 1.8 V.

During device boot the internal control logic reads back the first byte of data from the EEPROM over the
SPI port. If 0xB4 is found then the VID, PID and Device Release information in the EEPROM will replace
the default values stored within the MSi2500 ROM and these customer specific values will be assumed
during USB enumeration. If 0xD2 is found then an alternative microcode program will be loaded from the
EEPROM and used during subsequent operation. If no EEPROM is fitted then GPIO_0 should be fitted
with a pull-down, this will be detected during the boot sequence and the default microcode and ID's will be
used from the internal ROM.

4.3 IR Remote Control Support

An external IR receiver IC can be interfaced to the MSi2500 via the GPIO_3 pin. Within the MSi2500 the
input signal stream is sampled internally, the duration and sense of each pulse is detected and converted
to an appropriate byte stream. This byte stream is then inserted in the USB packet headers and streamed
to the host PC together with the digital 1Q receiver data. The IR byte stream can then be converted to
RLC format by the hest PC.

The incoming signal on GPIO_3 will be sampled based on a 50 ps period, and the generated byte stream
will be coded as follows:

« [fthe incoming pulse on GPIO_3 is low the byte-MSE is set, else the byte-MSB is cleared
s The pulse duration {measured in the number of 50 ps periods) is measured

For example:

+ High pulse lasting 2650 ps = 0x35 [MSB = 0, count = 0x35 = 53 x 50 ps = 2650 pys]
+ Low pulse lasting 850 ps = 0x81 [MSB = 1, count = 0x11 = 17 x 50 ps = B850 ps]
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5 Ordering and Package Information

5.1 Package Drawing
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5.2 Marking information

o
MSi

2500
LLLLLL.L
YYWW

Figure 5: Package Marking
LLLLLL.L refers to the wafer lot number and YYWW is the mold week.
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5.3 Ordering Information
Ordering code format

MSK-PPP-T-FF
HHH X Part Number

5® & mm QFN 32 pin
Commercial (-20 to +85 °C)

Dry pack Trays

Dry pack tape and reel
Mon-Dry pack Trays

Mon- Dry pack tape and reel

PPP Package Type
Q32
T Temperature Range
c
FF Finishing Form
DS
DT
M5
MNT
Code

Description

MS5i2500-Q32-C-D5

MSi2500 Dry pack trays

M35i2500-Q32-C-DT

MSI2500 Dry pack tape and reel

Table 9: Ordering Information
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For more information contact:

Mirics Semiconductor Inc Info@mirics.com
Oakmere, Barley Way WWW.Mirics.com

Ancells Business Park +d4 1252 612888 (phone)
Fleet, Hampshire +44 1252 612884 (fax)
GUS1 2UT UK

Legal Information

Information in this document ks provided solely to enable systemn and software implementers to wse Midcs Semiconductor products. There are no
express of mplied copyright licensea grantad hereunder to design or fabricate any mtegrated circwts or integrated circuits based on the
infarmation in this document. Mirca Semiconductor reserdes the right to make changes without futher notice to any of ita producta. Mircs
Semiconductor mekes no warranty, representation of guerantee regardng the switability of Me products for any particular purpose, nor does
Mirics Sermsconductor essums any labikty arsing out of the applcaton or use of any product or crcult, and specfically disclaims any and all
ligbility, including without Bmitstion consequential or inciddental damages. Typical parameters that may be prowvided in Mirce Semiconductor data
sheets andlor apecificationa cam and do vary in different applications and actusl performance may vary over me. All operating parameters must
be validated for each customer applicaton by the buyer's tachnical experts. Mincs Semiconductor does not convey any license with the data
herein. Mirics Semiconductor products are not designed, iMended, or authorized for vse as components in systems intended for surglcal implant
Into the body, or other applications intended to support or sustain life, or for any other applicaton in which the fallure of the Mircs Semdconductor
product could create & sibuation where personal injury or desth mey oocur. Should Buyer purchase or use Mirics Semiconductor products for any
such unintended or unauthorized apphcation, Buyer shall indemnify and haold Mifcs Semiconductor and its officers. employees, subsidiaries,
sffiliates, and distnbutors harmlese against all daims, costs, dameges, and expenses, and ressonable attomey fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unawthorized use. even If such claim alleges that Midcs
Semiconductor was negligent regarding the design or manufacture of the part. FlexdRF™ and Minca™ are trademarks of Mirics Sembconductor
Inc.
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